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1 Introduction 
INTRODUCTION 
Agricu l ture forms the basis of economy of almost all the coun t r i e s . 
India occupies ou ts tanding f igures in the world having several 
agr icu l tura l p roducts and s tands in a unique pos i t ion to grow almost 
every poss ib le c rop . Agr icu l tura l produce in India compr ises a 
var ie ty of ce rea l s , pu l ses , o i l seeds , beverages , f rui ts , vege tab les . 
plant fibers and other indust r ia l r aw-ma te r i a l s . 
In India, where larger part of agr icu l tu re is rainfed growers of 
seasonal crops like cerea l s , pu l ses , o i l seeds , vege tab les etc. 
cons tant ly apprehend crop fai lure due to scarci ty of excess of 
ra infa l l . Frui ts specia l ly the perennia l ones, are nearly free from this 
danger unless the natural ca lamity is a pro longed one. Thus growing 
of such fruits is an insurance agains t such natural hydro log ica l 
hazards . 
India is the second largest producer of fruits in the world. 
Frui ts grown in area of over 3.73 mi l l ion ha in India , con t r ibu t ing to 
an annual p roduct ion of 46.04 mil l ion tonnes (2001) . Indian fruit 
basket compr ises a wide var ie ty ranging form the t ropica l fruits like 
mango, banana, c i t rus , papaya , guava, sapota and grape, to apple . 
pear, peach, and walnut among the t empera te fruits and ae^ila, ber, 
pomegrana te , anona, fig, phalsa e tc . among the arid zone fruits 
Frui ts provide p ro tec t ive and wholesome food for main tenance 
of human heal th . They are r ich in ca rbohydra te , minera ls and 
v i tamins . Frui ts are necessary for making balanced and heal thv die ts . 
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Frui ts provide good source of energy with a unique capacit> t<) guard 
against many def ic iency d i seases . Being an t i -ox idan t , the> cause 
delay in progress of seni l i ty in human body. 
Fruits provide v i tamins , the def ic iency of which causes ai lments 
known as def ic iency d i seases . An i l lustrat ion is provided below:-
Name of the 
vitamin 
Vitamin A 
Vitamin B 
Vitamin B-
l2(Ribof lavin) 
Vitamin C 
Source of 
avai labi l i ty 
Mango, papaya, 
pers immon, 
j ackf ru i t , da te , 
walnut e tc . 
Almond, apr ico t . 
banana, cashewnut . 
walnut e tc . 
Bael , papaya . 
p ineapp le . 
pomegrana te , l i tchi . 
cashew 
Aonla, cherry, 
c i t rus , bael , mango. 
guava, ber, papaya. 
Deficiency 
diseases 
Night b l indness 
xe rop tha lmi . 
phrynderma. 
Ber i -ber i , 
pa ra lys i s . 
Loss of weight . 
lack of appet i te 
sore th roa t . 
ca terac t . 
Scurvy. 
Guava {Psidium guajava) is one of the impor tant fruit crops of 
sub t rop ica l coun t r i e s . It occupies 151.5 thousands ha and yields 
about 16.314 lack tonnes fruits per year in India (Anonymous 1999). 
In India it is grown almost in all s t a t es . Mostly it is grown in Bihar. 
Uttar predesh, Madhya Pradesh , Maharash t ra , Karna taka , Punjab. 
Andhra Pradesh and Ut t r ancha l . Bihar is the leading state in guava 
product ion with 2.959 lack tones of fruit per year and occupies 
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24.463 thousand ha (Anonymous 1999). In U.P, Allahabad is 
recognized for best qual i ty of guava in India as well as in world. 
Guava has potent ia l in fruit indust ry of our country because of 
its de l i c ious t a s t e , aroma, swee tness , f lavour and balance amount of 
acid, sugar and pect in (Singh and Rao 1996). Guava var ie t ies hear 
three crops in a year viz. rainy, winter and summer. Which cont r ibu te 
to 70, 27 and 3 percent y ie lds respec t ive ly (Singh and Reddy 1997). 
It is a hardy crop and is cu l t iva ted successful ly even in 
neglected soils and is a t tacked by a large number of pa thogens . 
mainly fungi. About 177 pa thogens (167 fungi, 3 bacter ia , 3 a lgae . 3 
nematodes and epiphyte) are repor ted on var ious par ts of the crop 
including fruit caus ing var ious d i seases . Wilt is the most des t ruc t ive 
disease of guava in India and loss due to this d isease subs tan t ia l . As 
the d isease is of soil borne in na ture , there are l imi ta t ions for the 
control of this d i sease . 
Wilt of guava was first repor ted in 1935 from Al lahabad . The 
wilt d i sease was found to be more prevalent during the rainy season. 
Infected p lants deve lop ch lo ros i s ; leaf absc iss ion fol lowed by wil l ing 
of the ent i re plant (Das gupta and Rai 1947) repor ted that d isease 
produces vascular wilt symptoms in guava (Singh and lal 1953) 
es t imated that 5 -51% of t rees die due to guava wilt every year in 
twelve d i s t r i c t s of U.P resu l t ing loss of rupees one mil l ion 
approximately. 
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The exact cause of the d iseases is not fully unders tood but the 
pa thogen viz. Fusarium oxysporum f. sp. psidii, F. solani. 
Acremonium diospyri and Glicladium rosium are some of the pathogens 
repor ted from var ious workers and may be the cause of g u a \ a wilt 
inc i tan t . 
The fungi comprise of more than 100,000 species having 
represen ta t ion in almost every ava i lab le habi ta t on earth and many 
fungi are of major economica l and medic ina l s igni f icance to man. 
The fungi are small , genera l ly mic roscop ic , eukaryot ic usual ly 
f i l amentous , branched, spore-bear ing organism that lack ch lorophyl l 
and have cell walls that conta in chi t in , ce l lu lose or both. Most known 
species are s t r ic t ly saprophyt ic , l iving on dead organic matter , which 
they help to decompose . More than 8000 species of fungi can cause 
d iseases in p lan ts . All p lants are a t tacked by some kinds of fungi and 
each of the paras i t i c fungi can at tack one or more kind of p lan ts . 
At Al igarh cond i t ions , Fusarium oxyspor um f. sp. psidii was 
invar iab i l i ty found to be associa ted with guava wil t , which is one of 
the most important genera of the family Tubercu la r iaceae and belongs 
to order Moni l ia les under sub divis ion Deu te romycot ina . 
In the effort to manage this d i sease , it is suggested that 
b io logica l control agents should be used to control the wil t . However, 
such disease control measures require knowledge of var ious aspects 
of causal organism and disease deve lopment . 
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Therefore , keeping the above facts in mind and cons ider ing the 
ser ious nature of d i sease , the present inves t iga t ion was under taken 
with fol lowing ob jec t ives : -
1. Survey. 
2. I so la t ion of the pa thogen. 
3. Pa thogenec i ty test of the fungus. 
4. Measurment of the conidia . 
5. Effect of t empera ture of the d isease inc idence . 
6. Management the disease with b iocontro l agents m vitro and m 
vivo. 
7. Management of the d isease with plant extract in v i t ro . 
Chapter-2 
Review of 
literature 
6 'K^view ofCiterature 
REVIEW OF LITERATURE 
Guava is one of the important fruit crop of India. It ranks 
fourth in p roduc t ion among fruit crops . Guava has good potent ia l in 
fruit industry in our country because of its de l ic ious tas te , aroma, 
sweetness , f lavour and balance amount of acid, sugar and pectin 
(Singh and Rao, 1996). 
Several b iot ic and abiot ic factors are respons ib le for low yield. 
Several m i c r o o r g a n i s m s ' viz. fungi, bac ter ia , v i ruses and nematodes 
cause d iseases in guava Causal pa thogens are both seed and soil 
borne. The impor tan t d iseases of guava are wil t , an thracnose and 
fruit rot, grey bl ight , leaf spots and scab and zinc def ic iency (Singh. 
2000) . 
Geographical d i s tr ibut ion 
In India wilt of guava was reported for the first t ime reported in 
1935 from Bakkarpur area of Al lahabad. Das gupta and Rai. (1947) 
recorded the d isease in a severe form in orchards of Lucknow while 
Dey (1948) , repor ted it from Allahabad as well as from Kanpur and 
Lucknow. During 1949-50 guava trees suffered ser ious losses in 11 
dis t r ic ts of U.P. (Anonymous , 1949). Prasad et al. (1952) , es t imated 
that guava wilt spreads rapidly to cover about 20,000 m^ area in \ .?. 
while Mathur (1956) , reported that 15-30 per cent of trees in 
Al lahabad , Far rukhabad and Unnao d i s t r i c t s , 5-15 per cent in Kanpur 
and Jaunpur and less than 5% in Gorakhpur , Bal l ia , Hardoi . 
Barabanki and Varansi d is t r ic t s were affected by the d i sease . Edward 
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and Shr ivas tva (1957) , repor ted wilt as a most ser ious d isease , which 
is th rea ten ing guava cul t iva t ion in U.P. The wilt d isease was also 
reported from western d is t r ic t s of U.P. Singh and Lai (1953) . and 
from union te r r i tory of Delhi (Anonymous , 1953). The disease appear 
in severe form in Varansi d is t r ic t s (Pandey and Dwived i ) , 1985 and 
(Mishra Prakash , 1986). Mehta (1987) repor ted its occurrence in 
Ka imganj , areas of wes tern U.P., Bi thoor (Kanpur) Ganga Ghal 
(Unnao) , Babakkarpur (Al lahabad) , Lucknow, Bichpur i (Agra) and 
Sasni (Al iga rh ) . Occur rence of ser ious wilt was repor ted from guava 
orchards in West Bengal (Chat topadhyay and Sengupta , 1955), where 
it was confined mainly to the ganget ic a l luvium of Baruipur area in 
the d is t r ic t of 24 Parganas and in the la te r i t ic zone of Jhargram, 
Midanpur and Kashkul in the dis t r ic t of Bankura (Chatopadhyay and 
Bhat tacharya , 1968). The disease has also been repor ted to occur in 
Haryana (Suhag , 1976 and Mehta, 1987). Punjab (Chandra Mohan et 
al, 1985), Rajas than (Katyal , 1972; Bhargava et ai, 2003) , and 
Andhra Pradesh (Jhooty et al., 1984). Jharkhand (Sr ivas tava et al.. 
2001) , Orissa (Das et al., 1993). Recent ly the d isease was recorded 
in severe form, from Indore , M.P. Wilt d isease of guava has also been 
reported from Taiwan (Hsieh et al., 1976; Leu et al., 1979), South 
Africa (Grech, 1985, Vos et al., 2000) , Brazil (Tokeshi et al., 1980 
Rodr igues et al., 1987 Junquei ra et al., 2001) , Bangladesh 
(Hamiduzzaman et al., 1997) and Canberra in Aus t ra l ia (Lim and 
Manicom, 2003) . 
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Losses 
Singh and Lai (1953) , es t imated 5-15% losses every year in 12 
d is t r ic t s of U.P. which was around Rs. one mil l ion during 1953. In 
West Bengal , it reduced the yield about 18 .16-22.79 q/ha in wilt-
affected o rcha rds . (Chatopadhyay and Sengupta . 1955). New 
seedl ings and grafted p lan ts , in affected areas showed stunted 
growth, which f lowered rarely and succumbed to wilt within a very 
short t ime (Chatopadhyay and Bhat tacharya , 1968). In Andhra 
Pradesh, 7,000 acres of land was under guava cu l t iva t ion and the wilt 
disease had reduced the land value (Jhooty et al., 1984). About 150 
acres of guava orchards in Punjab and 300 acres in Haryana have 
been uprooted during 1978-81 (Jhooty et al., 1984). In genera l , 
losses due to wilt in guava around Lucknow area vary from 5-60 % 
(Misra and Shukla , 2002) . 
Symptomatology 
The affected plants parts show yel low colora t ion with slight 
cur l ing of the leaves of the terminal b ranches . Plant at a later s tage . 
show unthruf t iness with yel low to reddish d i sco lo ra t ion of leaves . 
Subsequent ly , there is premature shedding of leaves and fruit size 
becomes smal ler . Some of the twigs become bare and fail to bring-
forth new leaves or f lowers and eventual ly dry up. Frui ts of all the 
affected b ranches remain undeveloped , hard, stony and remain 
hanging in the t ree . Later on, the entire plant becomes defol iated and 
eventual ly d ies . It requi res almost s ixteen days for complete wi l t ing . 
Plate 1. Guava trees showing wilt symptoms, A: Dropping of leaves 
B: Yellowing of leaves C: Complete drying of a tree due to infection 
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Some affected t rees l inger on even up to 252 days and then die 
(Misra and Pandey, 2000b) . Misra and Pandey, (2000b) also studied 
var ia t ion in the symptoms during different t ime of the year. They 
not iced ye l lowing of the leaves with the in te rve ina l ch loros is during 
the month of Augus t , which drop even with the sl ight shaking ol the 
p lants . During September , general drooping of the leaves takes place. 
During October , comple te wil t ing of p lan ts are seen with almost 
dried leaves and small dried black fruits hanging on the brancli. A 
few plants also show part ial wi l t ing , dur ing different months but 
later escape / res i s t wi l t ing (Misra and Pandey, 2000b) . 
Cha t topadhyay and Bhat tacharya (1968) , have repor ted that the 
roots also show root ing at the basal region. The finer roots show 
black s t reaks , which become prominent on removing the bark (Das 
Gupta and Rai , 1947). The root also shows root ing at the basal region 
and the bark is easi ly de tachable from the cor tex . The cort ical 
regions of the stem and root show dis t inc t d i sco loura t ion and 
damage, l ight d i sco loura t ion is also not iced in vascular t issues 
(Chat topadhyay and Bhat tacharya , 1968). Accord ing to Singh and Lai 
(1953) and Edward (1960) , the pa thogens at tack young as well as old 
fruit bear ing t rees (Misra and Shukla , 2002) . New seedl ings and 
grafts also show disease symptoms. The disease symptoms are 
ident if ied viz; (a) slow and (b) sudden wi l t /qu ick wilt caused by 
Macrophomina phaseolina which dominated in a lkal ine soil , was 
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related with slow wil t , while Fusarium oxysporum f. sp. psiclii 
dominat ing in ac idic soil was related with sudden wil t . 
Causal pathogen 
Large number of the pa thogens has been isola ted from the wilted 
plants by several workers in different par ts of the world . The exact 
cause of the d isease is sti l l not fully unders tood , but the pa thogens , 
viz. Fusarium oxysporum f. sp. psidii, F. solani, Macrophoniina 
phaeseolina, Rhizoctonia bataticola, Cephalosporium sp. Acremonium 
diospyri and Gliocladium roseum were repor ted to be respons ib le for 
the guava wil t . 
Before 1941, wilt was cons idered to be caused by 
Cephalosporium sp. in north India (Vestal , 1941). Dey (1948) , 
invar iably i so la ted Cephalosporium from the roots of wil ted p lants . 
Das Gupta and Rai (1947) reported the assoc ia t ion of Fusarium sp. 
with the wilt d isease in U.P. Later Prasad et al. (1952) , a t t r ibuted the 
wilt to Fusarium oxysporum and proposed the name Fusarium 
oxsporum f. sp. psidii. This view was suppor ted by Edward and 
Shr ivas tva (1957) and Pandey and Dwivedi (1985) . Edward (1960) 
also observed that the F. oxysporum f. sp. psidii exis ts in a varietv of 
forms, which differ in their cul tural and morpholog ica l charac te rs . 
He repor ted that F. oxysporum f. sp. psidii pene t ra tes ei ther direct ly 
through the root p i l i ferous layer of guava seedl ing through the 
opening caused by secondary roo ts . Hyphae are found in xyiem 
vessels of inocula ted p lan t s . 
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Bes ides , the involvement of above pa thogens , associa t ion ol" 
other pa thogens with guava wilt also has been repor ted by different 
workers from different p laces . Tandon and Agarwal (1954) reported 
wilt and dieback of guava to be caused by Gloeosporium psidii from 
Al lahabad. In West Bengal , Macrophomina phaseolina, and Fusanum 
solani (Mart) sacc . were found to cause wilt in guava ei ther 
indiv idual ly or in combina t ion (Chatopadhyay and Sen Gupta. 1955). 
M. phaseolina was found to be more predominant in the indo-gangct ic 
a l luvial t rac ts and confined exclus ively to the root region, while /-. 
solani was found to be more prominent in the dry la te r i t ic area of the 
West Bengal (Chatopadhyay and Bha t t acharya , 1968). Both h4. 
phaseolina and F. solani were found to inci te the wilt disease ei ther 
indiv idual ly or in combina t ion . In ei ther case , the fungus first 
co lonizes the surface of roots and then enters into its epidermal 
ce l l s . There after, in te rce l lu la r mycel ium es tab l i shes first in the 
epidermal cell and then spreads into the cor t ical ce l l s , which get 
cons iderably damaged and filled up with the myce l ium. F. solani 
enters the xylem vesse l s , grows inside and blocks them. A/. 
phaseolina first invades the phloem and des t roys it. The xylem 
vesse ls , are also a t tacked in few cases (Chatopadhyay and 
Bhat tacharya , 1968) and (Chatopadhyay and Sengupta , 1955). 
His topa tho log ica l observa t ion made by var ious workers in natural ly 
wil ted and ar t i f ic ia l ly inocula ted plants revealed the presence of F. 
solani, F. oxysporum and M. phaseolina in vascular t issues 
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(Chat topadhyay and Bhat tacharya , 1968a,b Edward, 1960c; Chandra 
Mohan, 1985; Pandey and Dwivedi , 1985; Sohi. 1983a.b) . 
Gliocladium vermoesenii carda, a known saprophyt ic fungus, was 
found to be assoc ia ted with the wil ted plants in Punjab (Chandra 
Mohan, 1985). 
In recent s tud ies , at the Central Ins t i tu te for Subtropical 
Hor t i cu l tu re , Lucknow out of several pa thogens isola ted from the 
wil t -affected guava p lan t s , Gliocladium roseum was found to be the 
most potent pa thogen , which could reproduce the symptoms of wilt in 
fields on a large scale in 4 to 8 years old t rees , after art if icial 
inocula t ion . The stem hole inocula t ion technique was s tandard ized . 
which could reproduce the disease after two months of inocula t ion 
(Misra and Pandey, 1997). Pandit and Smajpat i , (2002) reported wilt 
to be caused by Botyodiplodia theobromae in Midnapur (W.B.), 
while Gupta et al. (2003) reported assoc ia t ion of Verticillium albo-
atrum with guava wilt from Al lahabad. Misra et al. (2004a) recorded 
wil t ing due to Gliocladium roseum in assoc ia t ion with Sclerotium 
rolfsii and Rhizoctonia bataticola. Khan et al. (2001) indicated the 
role of nematodes as co- factor in guava wil t . They found 
Helicotylenchous dihystera in terms of popula t ion frequency and 
density to be the dominant species in wil ted guava p lants . 
Various repor ts from other parts of the world are different. 
Webber (1928) repor ted Clitocybe tabescens k i l l ing guava tree in 
Flor ida (USA) in 1928. In Cuba three nematodes viz . , Meloidogyne 
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sp., Helicotylenchus sp. and Pratylenchus sp. have been found 
associa ted (Rodr iguez and Landa, 1977) witli guava wilt . In Taiwan, 
the disease is repor ted to be caused by Myxosporium psidii Corda 
(Hsich et al., 1976 and Leu and Kao, 1979). In South Africa. 
Septofusidium sp. was found to be associa ted with rapid wilt of guava 
plants (Grech, 1985). 
In another repor t , Acremonium diospyii was given as the causal 
organism of the wilt (Joubert and Frean, 1993). From Brazi l . 
Pseudomonas sp. (Tokeshi et al., 1980) and Erwinia psidii 
(Rodgr igues et al., 1987) and Planal t ina (Jungueira et al., 2001) . F. 
qxysporum and Colletotrichum gloeosporioides (perfect stage 
Glomerel la cingulata) are found to be assoc ia ted with the disease and 
they are supposed to act synergis t ica l ly , when they are present 
together (Ansar et al., 1994), Hamiduzzaman et al., (1997) reported 
from Bangladesh that wilt incidence was maximum when seedl ings 
were inocula ted by F. oxysporum f. sp. psidii a long with nematodes 
H. dehystera and H. indicus. From South Africa, Vos et al. (2000) 
reported guava wilt d isease caused by Penicillium vermoesenii. 
For the first t ime the associa t ion of Fusarium sp. was reported 
by Dasgupta and Rai (1947) , Later Prasad et al. (1952) , a t t r ibuted the 
wilt to Fusarium oxysporum and proposed the name Fusarium 
oxsporum f. sp. psidii. This view was suppor ted by Edward and 
Shr ivas tva (1957) and Pandey and Dwivedi (1985) . From Varansi F. 
oxysporum f. sp. psidii, F. solani, F. coerudium, F. moniliforme and 
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R. solani were also found on rh izoplane and rh izosphere of guava 
(Dwivedi , 1991a; Dwivedi and Dwivedi , 1999). 
The fungus produces micro conidia which are oval to 
e l l ipso ida l , 1-2 ce l led , hyline and measure 5.8-9.5 x 3.5-4.5 [am The 
macro conidia are e longate curved at both ends , th in , hyal ine and 3 
or more sep ta te . They measure 25.2-42 x 2.8-4.2 \xm. The spherical 
ch lamydospores , formed by hyphal and conidia l ce l l s , are terminal or 
in tercalary , th ick-wal led and 10-15.5 ^m in diameter . Several 
phys io log ica l var ian ts of the fungus have been repor ted by Edward. 
J .C. (1960a) , Singh, (1982) . 
In an early report Parsad, Mehta and Lai stated that 
Sporodochia and p ionnotes are present in the cu l tu re . They further 
grouped and measured the conidia on the basis of their septa t ion: 
0 Septate - 7 - 10 x 2-3 microns ; ISep ta te - 15 - 2 0 x 3-4 microns : 2 
- Septate - 32 - 4 0 x 3-6 microns ; 3 - Septa te - 37 - 4 0 x 4-7 microns . 
Edward (1960b , c) expla ined that F. oxysporum f. sp. psidii exists in 
a variety of forms, which differ in their cul tura l and morphological 
charac te rs . He repor ted that F. oxysporum f. sp. psidii penetra tes 
ei ther d i rect ly th rough the root p i l i ferous layer of guava seedl ing 
through the opening caused by secondary roo ts . Hyphae are found in 
xylem vesse ls of inocula ted p lants . Lim and Manicom (2003) have 
also repor ted from Aust ra l ia that reported wilt of guava is caused by 
F. oxysporum f. sp. psidii. 
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Epidemiology 
Mehta (1951) repor ted severe incidence of wilt in a lkal ine soils 
at pH ranging from 7.5 to 9.0, while Sen and Verma (1954) reported 
high disease inc idence in la ter i t ic soil at pH 6.5. A soil saturat ion of 
60-80% has been repor ted optimum for d isease deve lopment in West 
Bengal (Cha topadhyay and Bhat tacharya , 1968b) . A pH 6.0 has been 
reported opt imum for the deve lopment of the d i sease . Both pH 4.0 
and 8.0 reduces the d isease . Low inc idence of the disease has been 
reported at Ni t rogen 630 ppm N and is more both at higher as well as 
at lower levels of n i t rogen. Moderate to high concen t ra t ions of 
phosphate (207-345 ppm) are effective in reducing the disease 
(Chat topadhyay and Bhat tacharya , 1968b) . Mehta (1987) reported 
more d isease in clay loam and sandy loam compared to heav> soil 
types . 
Guava seedl ings are more suscep t ib le to Macrophomina 
phasBolina as well as F. solani than the older p lants of 3 years age. On 
the other hand Chat topadhyay and Bhat tacharya (1967) reported that 
F. solani could infect guava plants from one month old plants to more 
than 4 years old t r ees . According to Misra and Shukla , (2002) guava 
plants above f ive-year old were more suscep t ib le to the d isease . 
Infected guava p lants start showing sign of the of wi l t ing with the 
onset of rainy season in August with maximum number dying in 
September and October (Das Gupta and Rai , 1947; Edward, 1960a: 
Suhag, 1976). 
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Dwivedi et al. (1990) at Varanasi also found more pathogenic 
fungi dur ing rainy season. The fungi survived bet ter in associa t ion 
with root bits in adverse c l imat ic condi t ions in the summer months. 
while in rainy and winter months they survive on roots . E x t c n s i \ e 
s tudies on the progress of natural wi l t ing of guava plants during 
different months have been made by Misra and Pandey (1999a. d. 
2000b) at Lucknow. They found maximum wil t ing during October, 
Some p lan t s , which show slight ye l lowing , s tar ted recover ing from 
December onwards . On analyzing the weather data, they found higher 
rainfall dur ing Ju ly -Sep tember with maximum tempera ture ranging 
from 31.3 to 33.5°C, minimum tempera ture ranging from 23 to 25 C 
and humidi ty of 76 percent . They also found that minimum two 
months are required for the complete wi l t ing of p lan ts . 
Disease management through chemicals 
As early as 1949, control of wilt was achieved with Chaubat ia 
paste (Anonymous , 1949) but this control measure is not considered 
val id , as guava wilt is a soil borne d i sease . Jain (1956) found 
chemotherapeura t i c act ion of 0.1 per cent wa te r - so lub le 8 Quinol inol 
sulphate agains t the wilt pa thogen {Fusarium oxysporum f. sp. psidii) 
I t ' s inject ion in apparent ly heal thy guava plants in a diseased area 
provided pro tec t ion against wilt at least for one year and \\hen 
injected into s l ight ly wil ted p lants , it was benef ic ia l for their part ial 
recovery. Suhag (1976) reported control of wilt by severe pruning 
and then drench ing with 0.2 per cent e i ther . Benla te or Bavist in 4 
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t imes in a year and spraying twice with Metasys tox and Zinc 
su lphate . But due to soil borne nature of the d i sease , pruning does 
not seem to control wil t . Misra and Pandey (1999b) reported that 
though different fungicides viz. Bavis t in ,Topsin M, Indofil M-45. 
Thiram, Bl i tox check the var ious wilt pa thogens in laboratory 
effectively. Moreover , these pa thogens increase i t ' s aggress iveness 
with profuse spore mass product ion in the soi l , once the effect of 
these fungic ides d imin i shes . Bhargava et al. (2003) also I'ound 
control with th iophana te methyl in lab. In Taiwan, Carbendaz im, 
Captafol and Thiabendazo le proved effective agains t wilt pathogen 
under labora tory exper iments but failed in vivo (Leu et al., 197')). In 
South Africa t ebuconazo le , p rop iconazo le , p rochoraz , t r i for ine and 
carbendazim + f lus i lazole were effective under in vitro evaluat ion 
(Jouber t and Frean, 1993). Ant ib io t ic act ion (Dwivedi 1990) and 
heavy meta l s v iz . Hg, Cd and Cu were found effective for control of 
wilt (Dwivedi 1991b) . Nematodes are repor ted to aggravate the wilt 
incidence in guava. Dis infec t ion of soil with DBCP at 52.8ml/10m" or 
Metham sodium at 252.5ml/10m^ was achieved to control nematodes 
(Rodr iguez and Landa, 1977). 
Bes ides fungicides some soil amendment chemica ls cakes and 
fer t i l izers were also evaluated for control of wil t . Mathur et al. 
(1964) found control of wilt d isease by soil t r ea tment with 1.82 kg, 
Lime or gypsum/ t ree , a l though the control mechanism was not well 
unders tood . At. CISH, Lucknow wilt was cont ro l led by appl ica t ion of 
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6 kg. Neem cake + 2 kg. Gypsum per plant (Misra and Pandey. 1994-
95). Oil cakes like neem cake, mahua cake , kusum cake supplemented 
with urea @ 10 kg and 1 kg respec t ive ly also check the disease (Das 
Gupta and Ghosha l , 1977). Suhag and Khera (1986) advocated that 
spread of wil t could be checked by j ud i c ious amendments with 
ni trogen and z inc . 
Disease management through cultural pract ices 
Mathur (1956) advocated that wilt could be control led by 
proper san i ta t ion in the orchard. Wilted t rees should be uprooted . 
burnt and t rench should be dug around the tree t runk. Symptoms of 
the disease do not appear under green manur ing and the disease 
development is less when organic sources of n i t rogen are used 
(Chat topadhyay and Bhat tacharya 1968b). Soil so la r iza t ions with 
30mm t ransparen t po lye thy lene sheet dur ing May-June (Dwivedi , 
1993b) have been suggested for the control of wilt pa thogens . Prasad 
et al. (2003) , Khan and Misra (2003) and Misra et a!. (2004b) 
reported in te rc ropp ing with turmer ic or mar igold to check the wil t ing 
of guava. These cul tura l prac t ices are useful and may be adopted to 
escape wil t . 
Disease management through varietal res is tance 
Edward (1961) suggested guava species Psidium caitleianum 
var. lucidum and Syzigium cuminii ( Jamun) , which seldom get 
a t tacked with wil t , may be an effective way for the control o\' wilt 
d i sease . Edward and Gaur i shanker (1964) in their further s tudies 
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found Psidium cattleianum (Psidium molle), P. quianense, Chinese 
guava (P. friedrichsthalianum) and Phi l l ipp ine guava compat ib le and 
suggested them for the use of roots tock . A local var ie ty Pei-pa in 
Taiwan was repor ted res is tant and {P.friedrichsthalianum) has been 
recommended as poss ib le roots tock (Leu and Kao. 1979). Misra ei al. 
(2003c) ident i f ied Fl popula t ion oi Psidium molle & Psidium ^uajava 
free from wil t , when grown on wilt sick plot and ar t i f ic ial ly 
inoculated repea ted ly with Gliocladium roseum, Fusarium solani and 
Fusarium oxysporum. As graft compat ib i l i ty is very successful , this 
res is tant roo ts tock is very useful for the control of wil t . 
Disease management through bio-control agent 
Due to soil borne nature of wilt pa thogen , it is not pract ical to 
complete ly control with any chemica l . The effects of chemicals are 
also hazardous for the soil and env i ronment , moreover when the 
effect of chemica l s d imin i shes , the pa thogen become more virulent 
and aggress ive (Misra and Pandey 1999b) . Hence , cons ider ing the 
above facts , it was cons idered more des i rab le to use the b io-agents 
for the management of the wilt d i sease . 
Dwivedi (1992) advocated Trichoderma spp. and Streptomyces 
chibaensis for the control of wilt . Seed oil of Foeniculum vul;^are 
were also repor ted to control wilt (Dwivedi , 1993a) . In Pakis tan, 
combined use of Topsin M sprays and an tagonis t s and Arachniotus sp. 
added in soil amended with wheat straw cont ro l led decl ine of guava 
(Ansar et al., 1994) . Logani et al.. (2002) repor ted appl icat ion of 
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wil tnema (seven ext rac ts of plants v iz . . Allium cepa, A. salivum. 
Ocimum sanctum, Azadirachata indica, Datura stramonium. Cannabis 
sativa and Nicotiana tabacum) for p revent ion of wilt and better 
growth of guava p lan t s . Sr ivas tava et al., (2001) found that use of 
VAM symbiont at the rate of 5kg/ t ree is benef ic ia l for the coniiol of 
wil t . 
At CISH, Luucknow, three bio- agents were found effective for 
the control of the wilt disease viz. Aspergillus niger s train AN 17. 
Trichoderma harzianum, and Penicillium citrinum (Misra et al., 2000. 
2004; Prakash et al., 2002) . When these fungi were tested for the 
control of wilt pa thogen in laboratory cond i t i ons , they were tound 
quite effect ive (Misra et al., 2004) . When re la t ive growth of the 
three b io-agents was s tudied, it was found that Aspergillus niger was 
fastest growing and most effective (Misra and Prasad, 2003) . These 
can be grown easi ly on any subst ra te like maize /baj ra seeds etc. and 
can also be mul t ip l ied on cheap subs t ra tes like Sacchrum sp. (grass) 
and dry and green leaves of Psidium guajava (Shukla et al., 2003) . It 
was also found that at v i l lage level these b ioagent can be mul t ip l ied 
in ear then pots (Misra and Prasad, 2004) . Among these . Aspergillus 
niger was found very fast growing, easy to p ropaga te and most 
effective in con t ro l l ing the wilt d isease in field. Bes ides this qual i ty. 
it is also growth enhancer and the plants t rea ted with Aspergillus 
niger developed faster with more height , more th ickness and more 
numbers of leaves (Misra et al., 2000) . Diwivedi and Shukla (2002) 
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reported that out of the three b io-agents Trichoderma harzianum, T. 
viride and Gliocladium virens, T. viride; was best . (Misra el al., 
2003b, d; Misra and Singh, 2005) . 
Chapter-3 
Materials & 
Methods 
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MATERIALS AND METHODS 
1. Survey for the disease assessment 
Per iodic survey of guava orchards in adjoining areas of Aligarh 
dis t r ic t was done during 2008-2009 to determine inc idence of 
guava wil t . 
S. No. 
1. 
2. 
3. 
4. 
Loca l i t i es in Al igarh dis t r ic t & 
adjoining areas 
Sasni 
Chatar i 
Dhanipur 
Univers i ty farm 
In a local i ty 5-6 fields were se lec ted to evaluate d isease 
inc idence and occur rence . The d isease inc idence and f requenc\ of 
occur rence was ca lcula ted according to the fol lowing formula. 
Disease incidence 
Number of infected plants in an orchard 
Total number of plants examined 
-X 100 
Disease frequency = 
in a locality 
Number of orchards with infection 
Total number of orchards surveyed 
•X 100 
23 Materials and Methods 
1 a. Isolation of the test organism: 
During the survey the infected plant par ts s tems, roots and 
rh izosphere soil were col lec ted in po ly thene bags and brought to the 
labora tory . The plant par ts gent ly washed with running water to 
remove adher ing dust e tc , and then cut into small p ieces and surface 
s ter i l ized with NaOCl (0 .05%) for 1-2 minutes fol lowed b\ 2-3 
washings with d is t i l led water . Two to four s te r i l ized p ieces were 
placed asep t ica l ly in pe t r ip la t e s con ta in ing s te r i l ized and sol idif ied 
PDA and finally the petr i p la tes were incubated at 25±2*^C for 7 days . 
To obtain pure cul ture of fungi the superf ic ia l growth was 
subcul tured in PDA s lants . 
Potato Dextrose Agar: 
1. Potato (pealed and s l iced) - 200 g 
2. Dext rose - 20 g 
3. Agar - 20 g 
4. Dis t i l led water - 1000 ml 
5. S t reptomycin - 1:3000 
1 b. Fungal isolation from rhizosphere: 
The rh izosphere soil co l lec ted from diseased guava p lants were 
brought to the labora tory in the po ly thene bags for i so la t ion . One 
gram of each soil sample was suspended in 9 ml of s ter i l ized water 
shaken thoroughly to get the soil pa r t i c les uniformly d ispersed in the 
suspens ion . 1 ml of suspens ion from the first d i lu t ion ( 1 : 10 ' ' ) was 
asept ica l ly t ransfer red to another tube (10'^) and this procedure 
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further repea ted t i l l the d i lu t ion of (10"^) was ob ta ined . For the 
i so la t ion of rh izospher ic fungi 0.1 ml of soil suspens ion from the 
d i lu t ion of lO"'* to 10"^ was t ransfer red in s ter i l ized petr i p la tes 
conta in ing 20 ml Pota to dextrose agar medium was taken in tube (10" 
) and this p rocedure further repea ted ti l l the d i lu t ion was 1 0 " was 
the d i lu t ion of lO'"* to 10'^ was t r a n s f e r r ' e d in s ter i l ized pe t r ip la t e s 
conta in ing pota to dextrose agar medium, these pe t r ip la t e s were then 
incubated at 25±2°C for 2-3 days . After incubat ion the suspected 
fungal co lonies were picked up and used for further s tudies . 
Ident i f ica t ion of pa thogen was made on the basis of their cul tura l and 
morphologica l cha rac te r i s t i c s . 
1 c. Pure culture of the fungus: 
Pure cul ture from single spore was main ta ined on PDA medium 
for growth. The cul ture was main ta ined at 25±2°C in BOD incubator , 
2. Cultural and morphological studies 
Visual examina t ion of petr i p la tes was carr ied out to study 
cul tura l cha rac te r i s t i c s of the fungus. Temporary s l ides of cu l tures 
were prepared in lacto phenol , cot ton blue and examined under 
compound microscope for the mycel ium and spore cha rac te r i s t i c s . 
The conf i rmat ion and specif ic ident i f ica t ion of the cul ture was done 
on the basis of morphologica l cha rac te r s , shape and size of micro and 
macro conid ia . 
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3. Effect of different temperature 
To study the effect of different t empera tu re on the growth of 
the pa thogenic fungus, Petr i p la tes conta in ing PDA was (20ni i /plate) 
was cent ra l ly inocula ted with the pa thogen fungus (5mm fungal disc) 
and incubated at t empera ture 10, 15, 20, 25 and 30°C for 5 days. 
Three rep l i ca tes were main ta ined for each t empera tu re . 
4. Use of Biological control agents 
Fungal b ioagen ts viz. Trichoderma harzianum, T. xirens T. 
viride and Aspergillus niger were isolated from Facult> of 
Agr icu l tu ra l Sc iences , A.M.U. Al igarh and Pseudomonas fluorescence 
broth was obtained from Depar tment of Microbio logy A.M.U. 
Al igarh . 
4 a. In laboratory: 
Lab exper imen t s were conducted to eva lua te the efficacy of 
b iocont ro l agents against pa thogenic Fusarium spp. In Petr i p la tes by 
dual inocula t ion method, 5mm disc of pa thogenic fungi (Fusarium 
sp.) and fungal b ioagents were placed at 4cm apart in each pe t r ip la tes 
conta in ing 20ml of P.D.A. The bac te r ia l b ioagent grown on nutr ient 
agar medium where placed in petr i p la tes using 6mm disc of filler on 
one side of pla te and disc of Fusarium oxysporum f.sp. psidii was 
placed on the other side and incubated 25±2' 'C. Observa t ions on the 
dual cul ture growth pat tern of both the organisms were recorded after 
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every 24 hrs of inocula t ion t i l l the fungi /bacter ia over grew one 
another from the inh ib i t ion zone . 
5. Effect of vola t i le compounds 
Five days old cu l ture of Trichoderma harzianum on PDA disc 
(5mm) was placed asept ica l ly on sol idi f ied PDA at the centre of pelri 
p la tes . The petr i p la tes were incubated at 25±2°C for 2, 4, 6. 8 and 
10 days . A set of p la tes wi thout b ioagent at later side Fusarium 
oxysporum f.sp. psidii inocula ted at upper side served as cont ro l . 
three p la tes were mainta ined for each t rea tment . After Incubation the 
colony d iameter of Fusarium oxysporum f.sp. psidii in different 
p la tes was measured and the growth inhib i t ion percent was 
ca lcu la ted . 
6. Test of p lan t e x t r a c t s aga ins t pa thogen in vitro-. 
Leaf ext rac ts from 10 different plant sp. were co l lec ted from 
different areas of Al igarh to observe their efficacy in control of 
pa thogenic fungus Fusarium oxysporum f.sp. psidii. About 100 gni of 
fresh plant leaves were taken , washed thoroughly in d is t i l led water 
and then crushed in mortar and pest le by adding 100 ml of s ter i l ized 
dis t i l led water. The crude mater ia l was than fi l tered th rough double 
layer musl in c loth and then f i l t rate was fi l tered through whatman no. 
1 filter paper. The plant ex t rac ts so prepared were heated at 40"C for 
5 minutes to avoid con tamina t ion ( Jagna than and Nars imhan , 1988). 
Poisoned food technique (Dubey and Patel , 2001) was adopted for 
evalua t ion of efficacy of plant ex t rac t s in vitro against Fusarium 
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oxysporum f. sp. psidii.. To examine the inhibitory effect of the 
mycelial growth, requisite quantities of plant extracts were 
incorporated into sterile non solidified potato dextrose agar medium 
(PDA) and shaken well to make it homogenous. The medium was then 
poured into 100 mm sterile Petri plates @ 20 ml/Petri plate, which 
were allowed to solidify. Control were maintained without plant 
extracts in which 5 mm mycelial disc of seven days old culture of 
pathogenic fungi was inoculated in the centre of Petri plates 
containing P.D.A. 
The observations were taken after every 24 hrs. 
Observations: 
The radial growth (diameter) of colonies was measured often 
seven days of inoculation. Per cent inhibition was calculated in 
comparison to control by following formula as given below (Vincent, 
1947). 
I = C-T/C X 100 
Where, I = Percent inhibition, C= Growth in control, T= Treatment 
7. In f ield c o n d i t i o n 
7 a. Mass p r o d u c t i o n of the c u l t u r e of test f u n g u s : 
One-kilogram healthy seeds of sorghum were soaked over night 
in 5% sucrose solution and then such seeds were placed in 500ml 
Erlynmeyer flask @ 150 gm/flask and autoclaved till it reaches to 15 
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lbs pressure for 30 minutes , p lugged with non-absorben t cot ton and 
covered with but ter paper. Pure cul ture of fungus prepared in the 
cul ture tubes was inocula ted into these f lasks. The inocula ted flasks 
were kept in a B.O.D incubator at the t empera tu re of 27±''C for 7 
days. During incubat ion the flask were shaken thr ice daily to ensure 
proper growth of the fungal mycel ium on the sorghum seeds . 
7 b. Col lect ion and m a i n t e n a n c e of c u l t u r e of b iocon t ro l 
agents i .e. : 
Fungal b io logica l agents viz. Trichoderma harzianum, T. virens. 
T. viride and Aspergillus niger were isolated from Facult> of 
Agr icu l tura l Sc iences , A.M.U. Al igarh and Pseudomonas fluorescence 
broth was obta ined from Depar tment of Microbio logy A.NI.IJ. 
Al igarh . 
7 c. Mass p roduc t ion of c u l t u r e of the fungus Trichoderma 
harzianum, T. virens, T. viride and Aspergillus niger : 
Mass produc t ion of cul ture of Trichoderma harzianum, T. virens T. 
viride and Aspergillus niger is done as descr ibed ear l ier for lest 
fungus in sect ion (7 a .) . 
7 d. Mass production of Pseudomonas fluorescence: 
One liter of k ing ' s B Broth was prepared and 100 ml was 
t ransferred to 250 ml f lasks . The flasks were autoc laved at 15 lbs psi 
pressure for 30 minu tes , after being plugged with non absorbent 
cot ton and covered with but ter paper. 
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King ' s B Broth: -
1. Proteose peptone - 20g 
2. Magnesium sulphate (MgSo4) - 6g 
3. Potassium sulphate (K2S04) - 2.5g 
4. Glycerol - 15ml 
5. Distilled water - 1 lit 
Pure cul ture of Pseudomonas fluorescence was inocula ted in the 
f lasks. The inocula ted flasks were kept in a B.O.D incubator at 
a t empera tu re of 35±1°C for 7 days . During incubat ion the 
flasks were shaken thr ice dai ly to ensure proper growth of 
bacter ia l spore . 
7 e. Soil steri l izat ion: 
The soil col lec ted from the field of faculty of agr icu l tu ra l 
sc iences A.M.U Al igarh , was used in the present study and steam 
s ter i l ized in au toc lave at 30 lbs psi for one hour. Farm yard manure 
was also s ter i l ized in the same way. 
7 f. Effect of soil treatment with bio-agents on seedling 
wilt of guava: 
Preparat ion of pots 
Pots of 20 cm diameter and 4.5 kg capac i ty were taken. These 
pots were filled with s ter i l ized soil and FYM in the rat io of 3 : 1 . 
8. Inoculation of fungus and bio-agents in soil 
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Pots (of 20 cm diameter ) conta in ing s ter i l ized soil and FYM 
were inocula ted with F.o. psidii @ 5.0 gm / pot . Different t r ea tments 
comprised of soil app l ica t ion of b io-agents mass cul tured on 
autoc laved sorghum seeds . The b io -agen t s used were T. harziunum, T. 
virens, T.viride, A. niger and Pseudomonas fluorescence. 
8 a. Sowing: 
Seedl ings of guava were sown in each pot on the fifth day of 
inocula t ion . Seedl ing grown on s ter i l ized soil wi thout any t rea tment 
was cons idered as check. 
8 b. Plant growth: 
Ninety days after inocula t ion the p lants were carefully uprooted 
from the pots and their roo ts were washed under running tap water to 
remove the adher ing soil pa r t i c l e s . Excess water was removed with 
the help of b lo t t ing paper . The plant growth was determined by 
measur ing the shoot and root length, fresh and dry weight of roots 
and shoots . The plant dry weight was de termined after drying in oven 
at 60°C for a sufficient per iod of t ime. 
8 c. D e t e r m i n a t i o n of i n f e c t i o n o f w i l t f u n g u s of Fusarium 
oxysporum f. s p . psidii: 
The plants were gent ly uprooted from each pot and the roots 
were washed through with tap water to remove adher ing soil 
pa r t i c les . The washed roots of these infected plants were tu t 
separate ly into pieces of 1.0 cm, then t reated with 10 % K(>H 
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solut ion and finally kept at 90°C FOR 1 hour. These roots segments 
were washed again with d is t i l led water and then acidif ied and siained 
with t rypan blue ( 0 . 5 % in l ac tophenol ) as descr ibed by Phi l l ips and 
Hayman (1970) . Twenty to thir ty s ta ined pieces were mounted on 
s l ides in lac tophenol and observed under s te reoscopic mic roscope . 
The por t ion of length of root segment which showed the presence of 
mycel ium of the fungus was es t imated . The plant infection was 
ca lcula ted by measur ing the infected por t ion in re la t ion to total 
length of root pieces (Bier rman and Linderman, 1981). 
Obse rva t ions : -
Data regarding the plant growth was recorded 90 days after 
sowing by measur ing the root and shoot he ights , fresh and dry weight 
of roots and shoots . 
Observations: 
The seedl ing wilt and percent of wilt control over check was 
ca lcu la ted . 
Treatments: 
The var ious t r ea tments used to t reat the soil were as fol lows: 
T 1 = Control 
T2 = Fusarium oxysporum f.sp. psidii 
T3 = T. harzianum 
T4 = T. harzianum + F.o. psidii 
T5 = T. virens 
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T6 = T. Virens + F. o. psidii 
T7 = T.viride 
Tg = T.viride + F. o. psidii 
T9 = A. niger 
Tio = ^ . Niger + F. o. psidii 
Til = Pseudomonas fluorescence 
T12 = Pseudomonas fluorescence + F. o. psidii 
The lengths of shoots and roots were measured . The percentage 
reduct ion is obta ined by the formula: 
Percentage reduc t ion = (T/C x lOO) - 100 
Stat ist ical Analys i s : 
The data obta ined was subjected to s ta t i s t i ca l analys is for 
de te rmining the s igni f icance of the var ious t r ea tment s given to the 
plants t r ea tments given to the p lan t s . The exper iments were laid out 
using comple te ly randomized block design (R .B .D) . The data was 
analysed for least s ignif icant difference (L.S .D.) test at the p r o b a b h 
of 0.05 to identify s ignif icant effect of t r ea tments ( D o s p e c k l o \ . 
1984). For the ana lys i s , all the three rep l ica ted of t rea tment were 
taken into cons idera t ion . 
Chapter-4 
Discuss ion 
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RESULTS AND DISCUSSION 
Survey were conducted in different loca l i t i es of d is t r ic t Aligarh to 
asses the incidence and occur rence of wilt of guava. 
Inc idence of the d isease was assessed in 5 loca l i t i es ot each 
block viz. Sasni , Chha ta r i , Dhanipur and univers i ty farm were 
surveyed. Inc idence of the d isease was highest i.e. 47 % in Chhatar i 
followed by 38 % in Sasni , 32 % in Dhanipur and 21 % in univers i t} 
farm (Table-1) . 
The frequency of occur rence of the d isease was ca lcula ted on 
field surveyed bas i s . Occur rence of the disease was highest i.e. 82 % 
in Chhatar i followed by 64 % in Sasni , 52 % in Dhanipur and 30 % in 
univers i ty farm. 
I s o l a t i o n a n d i d e n t i f i c a t i o n of c a u s a l o r g a n i s m 
Different i sola tes of Fusarium oxysporum f .sp. psidii were 
isolated from infected plant par ts of guava from several local i t ies of 
Al igarh and adjoining orchards of Al igarh dis t r ic t showing the 
symptoms of wilt . Ident i f ica t ion of the fungal pathogen was done on 
the basis of pa thogenec i ty test and morphologica l charac te r s , shape 
and size of conidia e tc . that was observed under compound 
mic roscope . 
M e a s u r e m e n t of conidia 
The isola tes of Fusarium oxysporum f. sp. psidii possesses 
var ia t ion in cul tura l cha rac te r i s t i c s (P la te -2) and in its conidia! size 
Table 1. Incidence and frequency of occurrence of wilt disease of guava in 
Aligarh district and adjoining areas. 
Locality Frequency of Disease 
occurrence incidence 
% % % 
Sasni 64 38 
Chhatari 82 47 
Dhanipur 52 32 
University farm 30 21 
r 
90 n 
80 
70 
60 " 
50 
40 
30-
20 
10 
0 -
V 
» Frequency of Occurance % 
Disease incidence % 
Sasni Chhatati Dhanipur University farm 
Fig. 1 .Incidence and frequency of occurrence of wilt disease of guava in 
Aligarh district and adjoining areas. 
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and septa t ion (Table-2) The mic rocon id ia were found to be oval to 
e l l ipso ida l , 1-2 cel led macrocon id ia were found to be e longate curved 
with the both ends thin , hyal ine and three or more sep ta te . The 
average length of mic rocon id ia var ied from 6.5-17.5p,m. Among all 
i so la tes , length of isola te 2 was maximum and minimum size of 
isola te 1 and its breadth varied from 2.5-6.0 [im. On the other hand. 
the average length of macroconid ia varied from 23-35 ]xm, being 
maximum in isola te 2 and minimum in isola te 1 and the breadth 
varied from 5-6.0 \iin. The resul t is in conf i rmat ion with f indings of 
Prasad, Mehta and Lai . 
The obse rva t ions recorded on morpholog ica l var ia t ions of all 
four isola tes of Fusarium oxysporum f. sp. psidii, revea led that there 
were slight differences among the isola tes in re la t ion to their 
conid ia l length and breadth . 
However , sl ight var ia t ions in the conidia l size may be 
a t t r ibuted to the phys ica l cond i t ions of the medium, yet the var ia t ion 
in all 4 i sola tes of Fusarium oxysporum f. sp. psidii in present study 
visual ized glar ing dif ferences in conid ia l s ize, which gauged on ihe 
same nutr ient medium (PDA) used for the growth of F. o. f. sp. 
psidii isolates. 
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Plate 2- Different isolates of Fusarium oxysporum f. sp. psidii obtained from adjoining 
areas of Aligarh, A. Sasni B. Chhatari C. Dhanipur D. University farm 
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Effect of d i f ferent t e m p e r a t u r e on the growth of the 
fungus Fusarium oxysporum f. sp. psidii 
As per genet ic d ic ta te , eva lua t ion of every organism requi res a 
par t icu la r range of t empera tu re , which inf luence the phys io log ica l 
funct ioning of the organism, par t icu la r ly , the enzymat ic system 
The effect of different t empera tu res on the growth of fungus 
was s tudied . The data recorded is presented in Table (3) and (1 ig.2) . 
The data revealed that t empera ture 25°C is most sui table for 
maximum growth of fungus fol lowed by 30°C, 20°C, 15°C and 1()°C 
respec t ive ly . The growth of the fungus was s igni f icant ly at a with 
each other at 30°C and 20°C. The growth at 15°C was s ignif icant ly 
different from the growth at 10°C. Schoeman (1996-1998) 
inves t iga ted the effect of t empera tu re on guava wilt d isease (caused 
by Acremonium diospyri). He found in vitro test 10-35°C and found 
that the fungus grew best at temp 15-30°C with maximum hyphal 
growth at 30°C. 
Biological m a n a g e m e n t 
In vitro evaluat ion of b io logical control agents against Fusarium 
oxysporum f. sp. psidii 
The study was conducted in labora tory using the test fungi 
Fusarium oxysporum f. sp. Psidii and b io logica l cont ro l agents T 
harzianum, T. viridae T. virens, A. niger and P. flourescens. The 
b io logica l control agents (fungal as well as bac ter ia l ) s tar ted 
Plate 3- Effect of different t empe ra tu r e on the growth of 
Fusarium oxysporum f. sp. psidii. 
A- Showing radia l growth cgtlrteniperature 10"C 
B- On t empera tu re IS^C 
C- On t empera tu re 20**C 
D- On t empera tu re 25"C 
E- On t empera tu re 30"C 
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inhib i t ion of growth Fusarium oxysporum f. sp. psidii after 48 his 
and covered ent i re petr i plate within 6 days (Table 4) . 
T. harzianum inhibi ted the growth of F. oxysporum f. sp. psidii 
by 44% at 48 hrs . The inhib i t ion of the F. oxysporum f.sp. psidii 
increases as T. hazianum res t r ic ted the growth and inhibi t ion reaches 
to 69% in 6 days . The resu l t s are in conf i rmat ion with f indings of 
Misra et. al., and Prakash (2002-04) who appl ied 3 b ioagents in 
which T. harzianum was also used for cont ro l l ing the wilt d isease of 
guava. 
T.viridae was found to be most effect ive b iocont ro l agent against 
Fusarium oxysporum f. sp. psidii. It reduced the growth by 70% (8.0 
cm growth) in 48 hrs . T. viridae r es t r ic ted the growth and inhib i t ion 
reaches to 75% in 6 days . These resu l t s are in accordance with 
Diwedi and Shukla (2002) . They repor ted that T. viride is best for the 
control of wilt pa thogen Fusarium oxysporum f. sp. psidii. 
T. virens was found to be effective against F. oxysporum f.sp. 
psidii, T. virens comple te ly res t r i c ted the growth of the pathogen 
after 120 hrs . T. virens inhibi ted the growth of F. oxysporum f. sp. 
psidii at 48 hrs by 59% (1.1 cm growth) . In 6 days 74% inhibi t ion oi' 
radial growth was recorded respec t ive ly . The resu l t s are s imilar to 
the f indings of Diwedi and Shukla (2002) . They repor ted that 7 
virens was found effect ive against Fusarium oxysporum f. sp. psidii. 
Aspergillus niger was also found to be effective against F. 
oxysporum f .sp. psidii. It reduced the growth by 55% (1.2 cm growth) 
A- Trichoderma virens, inhibition 
of Fusarium oxysporum 
f. sp. psidii with T. virens 
B- T. harzianum, inhibition 
of Fusarium oxysporum 
f sp. psidii with T. harzianum 
C- T. viride, inhibition 
of Fusarium oxysporum 
f sp. psidii with T. viride 
D- A. niger, inhibition 
of Fusarium oxysporum 
f sp. psidii with A. niger 
E- Control 
Plate 4- Dual culture test of Fusarium oxysporum f. sp. psidii and different 
bioagents. 
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in 48 hrs . A. niger res t r ic ted the growth of the wilt pathogen and 
inhib i t ion reaches up to 7 1 % in 6 days . These resul ts arc in 
accordance with the work done by Singh et.al. (2003) .They repor ted 
that the an tagonis t i c fungi A. niger is effective against the wilt 
pathogen F. oxysporum f. sp. psidii. 
Pseudomonas fluorescens bac ter ia l b ioagent does not show any 
remarkable inhib i t ion of the test fungi as compared to other 
b iocont ro l agents . At 48 hours inh ib i t ion of F. oxysporum f .sp. psidii 
was 3 3 % (1.8 cm growth) . The growth of the test fungi keep on 
increas ing upto 6 days with a rapid increase be tween 4 and 6 days . 
This ind ica tes reduct ion in inh ib i t ion capabi l i ty of the bioagent i.e. 
P. flourescens. 
On observing the average inhib i t ion T. viridae was found to be 
most effective in inhib i t ing the radia l growth ie. by 7 5 % followed by 
the effect of T. harzianum, T.virens, A. niger and P. flouresceris 
respec t ive ly . 
Effect of vola t i le compound p roduced by Trichoderma 
harzianum on the growth F. oxysporum f. sp. psidii in vitro 
The resu l t s (Table 5) revealed at 2 days of incuba t ion , volat i le 
compounds produced by T. harzianum caused maximum growth 
inhib i t ion (76.5%) of F. oxysporum f. sp. psidii followed by 4 days of 
incubat ion 63 .6% vola t i le compounds produced by T. harzianum al 10 
days of incubat ion caused least inhibi t ion 23 .6% on the growth ot F 
oxysporum f. sp. psidii. The resu l t s are in accordance with the work 
A- Control 
B- Growth checked by T. 
harzianum 
Plate 5- Effect of volatile compounds produced by T. harzianum on the growth oiFusarium oxysporum 
sp. psidii 
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done by Dubey et al. (2007) have repor ted that fresh vola t i le 
compounds are bet ter inhib i tor of the pa thogen fungal growth than 
older ones . 
In vitro eva lua t ion of p lan t leaf e x t r a c t s aga ins t Fusarium 
oxysporum f. sp. psidii 
Leaf ex t rac ts of all bo tan ica l s s igni f icant ly (p<0.05) decreased 
the radial growth of the pa thogen in fungus ( t ab le -6 ) . The inhihi t ion 
of fungal growth was apparent ly due to the presence of an t imic rob ia l 
pr inc ip les of plant ex t rac t s which lead to inac t iva t ion and death of 
the pa thogen (Taylor, 1984). Plant leaf ex t rac t s of Azadirachta indica 
and Calotropis procera were found to be highly s ignif icant in 
reducing the radial growth of the pa thogen (56.46 % and 51 54% 
respec t ive ly) Grewal and Grewal , (1988) ment ioned different 
fungicidal p roper t i es of Azadirachta indica. Chrysanthemum indicum. 
and Tagetes erecta against var ious weed moulds of mushroom, leaf 
ex t rac t s of Parthenium hysterophorus (46 .52%) , Tagets erecia 
(43 .52) , Solanum nigrum (41 .1%) , Ricinus communis (39 .84%) and 
Mentha arvensis (38 .44) showed the same percent inh ib i t ion of the 
growth, the resul ts in accordance with (V.K. gupta et al 2007) who 
appl ied different plant leaf ex t rac t s agains t Fusarium pa thogens of 
guava (ps id ium guajava L.) . Leaf ex t rac ts of Datura stramonium 
(36.92%) and Nerium indicum (33 .28%) showed the lowest average 
radial growth inhib i t ion (Reshu, S. Ashraf and F.A. Mohiddin 200'^) 
Plate-6 a. Effect of different plant extracts on the redial growth of 
Fusarium oxysporum f. sp. psidii. A. Ricinus communis B. 
Solatium nigrum C. Azadirachta indica D. Datura stramonium 
E. Nerium indicum 
Plate-6 b. Effect of different plant extracts on the redial growth of Fusarium 
oxysporum f. sp.psidii. A. Callotropus procera B. Helianthus annus 
C. Parthenium hysterophorus D. Mentha arvensis E. Tagetes erecta. 
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repor ted bioeff icacy of some botan ica ls in management of a l te rnar ia 
l ea f / bl ight of Indian mustard {Brassica juncea (L.) Czen and Coss i . 
In vivo eva lua t ion of biological con t ro l agents aga ins t 
Fusarium oxysporum f. sp. psidii 
The data presented in Table 7 revea l s that the inocula t ion of 
guava seedl ing with fungal pa thogen Fusarium oxysporum f sp. 
psidii caused s ignif icant reduct ion in plant growth charac te rs viz. 
plant length, plant fresh weight , plant dry weight , number of leaves 
and branches as compared to unt rea ted uninocula ted p lants . Fhe 
indiv idual app l ica t ion of fungal b iocont ro l agent Pseudomonas 
flourescens showed highest increase in shoot length, root length and 
dry weight of plant was observed in soil t rea ted with A. niger in 
compar ison to uninocula ted cont ro l . 
The appl ica t ion of b iocont ro l agents viz. 7 
harzianum, T. viride, T. virens A. niger Sind Pseudomonas flourescens 
s ignif icant ly reduced the damage in te rms of plant growth 
parameters viz. length, fresh weight , dry weight , no. of leaves and 
branches caused by pa thogen ic fungus Fusarium oxysporum f. sp. 
psidii as compared to unt rea ted and inocula ted p lan t s . The highest 
improvement in growth paramete rs viz. shoot length (20%) . root 
length (28.5) with Pseudomonas flourescens and dry shoot weight 
(21%) , dry root weight (24.5) was recorded in p lants t rea ted with . A. 
niger in compar i son to un inocula ted cont ro l respec t ive ly after 90 
days, where as maximum increase in shoot length (19%) , root length 
Plate 7- Management of Fusarium oxysporum f. sp. psidiiyvith bioagents in pots. 
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(25%) , dry weight of shoot (22%) and dry weight of root (23%) were 
recorded with T. viride in compar i son to inocula ted (with Fusarium 
oxysporum f. sp. psidii) control po ts . The resu l t s are in conf i rmat ion 
with f indings of Prasad et al (2002) . 
Chapter-5 
Summary 
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Summary 
25 Guava orchards in and around Al igarh d i s t r ic t s have been 
surveyed, 82% disease occur rence and upto 47% wilt incidence were 
observed in Chhatar i area of Al igarh . Pa thogenic fungus Fusarium 
oxysporum f. sp. psidii w^ere isolated from diseased plants as well as 
from rh izospher ic soil to know the var ia t ion . In vitro exper iments 
were conducted to study the size of conid ia , and effeci of 
t empera ture on growth of the pa thogen . In vitro an tagonis t i c effects 
of fungal and bacter ia l b iofungic ides and with plant ex t rac t s and in 
vivo management of the d isease with the help of fungal and bacter ia l 
b io logica l agents . Among all tes ted i so la tes the average size of micro 
conidia were found to be 10.75 X 3.25 |am ranged with 1 5 X 4 \im to 
6.5 X 2.5 |im. The average size of macro conidia were found to be 
26.5 X 5.5 i^ m ranged with 35.5 X 6 \im to 17.5 X 5 [am.The maximum 
radial growth of F. oxysporum f. sp. psidii was found at t empera ture 
25°C with vis ible growth between 8-47°C. Among all bioa|enW 
(Trichoderma harzianum, T. virens, T. viride A. niger and 
Pseudomonas flourescens) used agains t F. oxysporum f. sp. psidii in 
dual inocula t ion tes t , the maximum growth inhibi t ion was recorded 
with T. viride (75%) . Effects of vola t i le compounds produced b> T 
harzianum were seen on the growth of the pa thogen and found that 2 
days of incubat ion with T. harzianum gave a maximum growth 
inhibi t ion of 76 .5% followed by 4, 6, 8 and 10 days of incubat ion 
with 63.6 %, 50.0% 36 .4%, 23 .6% of inhib i t ion , respec t ive ly and it 
42 Summary 
was found that fresh vola t i le compounds were more inhibi tory effects 
for the growth of the pa thogen fungus (in vitro) than the later ones. 
Among ten plant ex t rac t s of (Ricinus communis, Soalanum nigrum. 
Azadirachta indica, Datura stramonium, Nerium indicum, Callotropus 
procera, Helianthus annus, Parthenium hysterophorus, Meniha 
arvensis, Tagetes erecta). The maximum i.e. 56 .46% growth 
inhibi t ion of F. oxysporum f. sp. psidii was recorded with 
Azadirachta indica on PDA. Highest increase in shoot length (20%) 
and root length (28.5%) were recorded with P. flourescens and dr> 
weight of shoot (21%) and root (24.5%) with A. niger in compar ison 
to uninocula ted control pots , were as maximum increase in shooi 
length (19%) , root length (25%) , dry weight of shoot (22%) and dry 
weight of root (23%) were recorded with T. viride in compar ison to 
inocula ted (with F. oxysporum f. sp. psidii) cont ro l pots . 
Chapter-6 
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